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(54) MODULATE APTAMER AND METHOD FOR DETECTING TARGET PROTEIN BY USING THE 
SAME 



(57) The object of the present invention is the devel- 
opment of a novel strategy for providing an effective bi- 
osensor which forms a conjugate and stabilizes only in 
the presence of a target protein or substance to be an- 
alyzed. That is, the present invention provides a modu- 



late aptamer which specifically binds with a specific tar- 
get protein, particularly a human immunodeficiency vi- 
rus type-1 (HIV-1) Tat protein, and a method and kit for 
detecting the target protein, in particular, HIV-1 Tat pro- 
tein using the modulate aptamer. 
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Description 

TECHNICAL FIELD 



5 [0001] The present invention relates to a modulate aptamer which binds specifically to a specific target protein, in 
particular, Tat protein of human immunodeficiency virus type-1 (HIV-1), and a method and a kit for detecting a target 
protein, in particular HIV-1 Tat protein, using the same. 

BACKGROUND ART 

[0002] it has been reported that among nucleic acid iigands (aptamers), there are those having affinity/specificity for 
a protein comparable to the affinity/specificity of an antibody for its antigen, and it is expected that these can be used 
as a molecule recognition factor in a biosensor. (Osborn, S.E. and Ellington, A.D., Chem. Rev. 97, 349-370 (1997)). 
To this end, research conducted using full-length aptamer has been promoted and carried out (Drolet, D.W., Moon- 
is McDermott L. and Roming, T.S. Nature Biotechnol. 14, 1021-1 025 (1 996); Kleinjung, F. et al, Anal. Chem. 70, 328-331 
(1998); Potyrailo, R.A., Conrad, C.R., Ellington, A.D. and Hieftje, G.M. Anal. Chem. 70, 3419-3425 (1998)). 
[0003] Further, It was thought that an aptamer exhibiting high affinity with Tat protein of HIV-1 and HI V-2 has sensitivity 
sufficient to measure the amount of Tat protein released from Infected cells or In the sera of infected patients. (West- 
endrop, M.O. et al, Nature 375, 497-500 (1995): Pantaleo, G. et al, Nature 362, 355-358 (1993); Embretson, J. et al, 

20 Nature 362, 359-362 (1993)). 

[0004] Recently, a nucleic acid motif having a stem-loop structure called a molecular beacon was developed as a 
tool for finding complementary target sequences (Tyagi, S. and Kramer, F.R. (1996) Nature Biotechnology 14, 303-308). 
This molecular beacon includes two structural components: a loop sequence being a probe complementary to a target 
sequence, and a stem structure formed by annealing of complementary arm sequences on the both ends of the probe 

25 sequence. A fluorescent probe is attached to the end of one arm forming the stem structure by a covalent bond, and 
a quencher substance is attached to the end of the other arm by a covalent bond. The fluorescent probe and quencher 
substance are in close proximity due to the stem formation of this beacon, and as a result, fluorescence is not emitted. 
When this molecular beacon encounters a target molecule, it forms a probe (loop structure)-target hybrid that is more 
stable than the stem structure of the molecular beacon. As a result of a structural change in the stem-loop motif, the 

30 two arm sequences move away from one another, enabling fluorescence to be emitted. Therefore, using a molecular 
beacon it is possible to detect a specific nucleic acid in real-time without stopping the reaction. Further, it is reported 
that this can be applied to live cells. (Tyagi, S. and Kramer, F.R. (1998) Nature Biotechnology 16, 49-53; Matsuo, T 
(1998) Biochem. Biophys Acta. 1379, 178-184; Sokol, D.L., Zhang, X., Lu : P. and Gewirtz, A.M. (1998) ProcNatl. Acad. 
Sci. USA 95, 11538-11543). 

35 [0005] However, there were a number of limitations to this first approach described above. Examples of such limita- 
tions include the fact that the longer the length of the aptamer, the lower the efficiency of chemical synthesis; the 
necessity of protecting the full-length aptamer against nuclease; and the fact that in the case of a plurality of analyses, 
with long aptamers the structuring/restructuring efficiency is low. That is, for reasons of the size and recognition mode 
of aptamers, there was a limit to the application of aptamers to experiments using biosensors. 



DISCLOSURE OF THE INVENTION 



[0006] The present inventors solved the above problem, and developed a novel strategy which enables use as an 
effective biosensor by using an aptamer which forms a conjugate and stabilizes only in the presence of a target protein 
45 or substance to be analyzed. Specifically, based on an aptamer RNA for an HIV-1 Tat protein which was the subject 
of an earlier patent application (Japanese Patent Laid-Open Application No. Hei 11-127864), the aptamer sequence 
was divided onto independent double strands and a modulate aptamer more effective in detection of Tat protein was 
constructed. 

[0007] It was found that the HIV-1 Tat aptamer RNA-derived modulate aptamer according to the present invention 
so forms a conjugate in the presence of HIV-1 Tat protein orTat-derived peptide at 1 nM or less, whereas it does notform 
a conjugate in the presence of other RNA-binding proteins or nuclear extracts. 

[0008] That is, the present invention relates to a modulate aptamer being an aptamer constituted by two comple- 
mentary oligonucleotide chains which forms a conjugate and stabilizes only in the presence of a target protein, and 
particularly relates to the modulate aptamer for which the target protein is HIV-1 Tat protein and/or a fragment thereof. 
55 [0009] As an example of the modulate aptamer of the present invention, a modulate aptamer having the nucleotide 
sequence represented by the following secondary structure (I) is provided. 
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(In the structure, N 1a and N 1b represent at least 1 pair of nucleobases capable of complementary base pair formation; 
25 N 23 and N 2b represent at least 1 pair of nucleobases capable of complementary base pair formation; N 3 and N 4 each 
independently represent 1 or 2 nucleobases; N 5a and N* represent at least 1 pair of nucleobases capable of comple- 
mentary base pair formation; N 68 and N 66 represent at least 1 pair of nucleobases capable of complementary base 
pair formation; and solid lines represent hydrogen bonds between nucleobases.) 

[0010] As a particularly preferable modulate aptamer according to the present invention, a modulate aptamer having 
30 the nucleotide sequence represented by the following secondary structure (II) is provided. 
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(In the structure, solid lines represent a hydrogen bond between nucleobases.) 

[001 1 ] Further, using the above-mentioned modulate aptamer, a method enabling detection of a target protein such 
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as an HIV-1 Tat protein, simply and with high sensitivity, specifically, a micro-titer plate assay using fluorescence, was 
developed. It is thought that there is the possibility that this assay can be used in a manner similar to a DNA array, and 
can be applied and extended to detection of virus proteins and other small molecule substances. 
[0012] Further, as one embodiment of the present invention, there is provided a modulate aptamer in which one of 

5 the oligonucleotide chains constituting the modulate aptamer has, intramolecularly, mutually complimentary sequences 
of four or more consecutive nucleotides, and which adopts a stem-loop structure in the absence of a target protein. 
[0013] Specifically, for example, when a fluorescent substance is bound to the 5' or 3'-end of the oligonucleotide 
chain of the stem-loop structure, and a quencher substance in respect of the fluorescent substance is attached to the 
3*or 5' -end, respectively, such that it forms a conjugate only in the presence of a target protein and emits fluorescence, 

10 then detection becomes very easy. 

[0014] As a preferable oligonucleotide chain of this stem-loop structure, one which has the nucleotide sequence 
represented by the following secondary structure (III) is provided. 



(m) 



(In the structure, solid lines represent hydrogen bonds between nucleobases.) 
35 [001 5] This novel strategy for "modulate aptamers" can be easily applied to a biosensor for characterizing molecule 
recognition factors for various molecules. 

[0016] Therefore, the present invention further provides a method of detecting a target protein, particularly an HIV- 
1 Tat protein and/or fragment thereof, which comprises radioactively or non-radioactively labeling one oligonucleotide 
chain of the modulate aptamer, and detecting the presence and/or amount of the target protein with the presence or 
40 absence, and/or amount of a conjugate formed in the presence of the target protein. 

[0017] In one embodiment of the method of the present invention, the non-radioactive label is fluorescein, and the 
conjugate is detected by a fluorescent signal thereof. 

[0018] Further, the present invention provides a method of detecting a target protein, particularly, an HIV-1 Tat protein 
and/or fragment thereof, which comprises immobilizing one oligonucleotide chain of the modulate aptamer on a support, 
45 and detecting the presence and/or amount of the target protein with the presence or absence, and/or amount of a 
conjugate formed by addition of the other oligonucleotide chain labeled radioactively or non-radioactively. 
[0019] In one embodiment of the method of the present invention, the immobilization is by specific binding between 
avidin or streptoavidin and biotin. 

[0020] According to the present invention, there is further provided a kit for detecting a target protein, particularly, 
so an HIV-1 Tat protein and/or fragment thereof, wherein the kit comprises a support, one oligonucleotide chain of the 
modulate aptamer to be immobilized on the support, and the other oligonucleotide chain which forms a conjugate in 
the presence of the target protein. 

[0021] Specifically, in the kit of the present invention, the one oligonucleotide chain is the 5'-chain (left side chain in 
Fig. 2) or 3'-chain (right side chain in Fig. 2) of the modulate aptamer and the other oligonucleotide is the 3'-chain or 
55 5'-chain. respectively. 

[0022] The contents described in the specification and/or drawings of Japanese Patent Application No. Hei 
1 1-288677, which forms the basis of the priority right of the present application, are incorporated herein in their entirety. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

5 Figure 1 shows the secondary structures of aptamer RNA Tat f TAR-1 RNA (59mer) and TAR-2 RNA (123mer). The 

portion framed in solid lines shows the core factor necessary for Tat binding. 

Figure 2 shows the secondary structures of the modulate aptamer R NAs of the present invention (i, DA-1/DA-2; 
ii, DA-3/DA-4; iii, DA-5/DA-6; iv, DA-7/DA-8; v, DA-1/DA-4). 

Figure 3 shows an autoradiogram of various modulate aptamer RNAs. Lane 1 : radioactively labeled 5'-oligo (10 
10 nM) only; lane 2: radioactively labeled 5'-oligo (10 nM) and unlabeled 3-oligo (200 nM); Iane3: radioactively labeled 

5'-ofigo (10 nM) and unlabeled 3'-oligo (200 nM) in the presence of 20 nM CQ; lane 4: radioactively labeled 5*- 
oligo (10 nM) and unlabeled 3'-oligo (200 nM) in the presence of 200 nM TaM . A thick arrow shows the position 
of a modulate aptamer RNA-Tat or modulate aptamer RNA-CQ conjugate. The position of free S'-oligonucleotide 
is shown with a thin arrow. 

'5 Figure 4 shows an autoradiogram obtained by a binding analysis using gel shift assay of modulate aptamer DA- 

1/DA-2 and CQ, and a saturation curve and Scatchard plot of modulate aptamer DA-1/DA-2-CQ. Thick arrow and 
thin arrow show the positions of modulate aptamer RNA-CQ conjugate and free 5'-olig onucleotide, respectively. 
Figure 5 shows an autoradiogram obtained by a binding analysis using gel shift assay of modulate aptamer DA- 
5/DA-6 and CQ, and a saturation curve and Scatchard plot of modulate aptamer DA-5/DA-6-CQ. Thick arrow and 

20 thin arrow show the positions of modulate aptamer RNA-CQ conjugate and free 5-olig onucleotide, respectively. 

Figure 6 shows the secondary structure of an inactive-form modulate aptamer (DA-5i/DA-6i) (A) and an autoradi- 
ogram obtained by analysis of the binding of the aptamer with CQ peptide using gel shift assay (B). Lane 1 : radi- 
oactively labeled S'-oligo (1 0 nM); lane 2: radioactively labeled 5'-oligo (10 nM) and unlabeled 3'-oligo (200 nM); 
lane 3: radioactively laboied 5'-oligo (10 nM) and unlabeled 3'-oligo (200 nM) in the presence of 20 nM CQ. 

25 Figure 7 shows the secondary structure of double stranded TAR RNA (ii,DT-1/DT-2) (A) and an autoradiogram 

obtained by analysis of the binding of the RNA with CQ peptide using gel shift assay (B). Lane 1: radioactively 
labeled S'-oligo (10 nM); lane 2: radioactively labeled 5'-oligo (10 nM) and unlabeled 3'-oligo (200 nM); lane 3: 
radioactively labeled 5'-oligo (10 nM) and unlabeled 3'-oligo (200 nM) in the presence of 20 nM CQ. 
Figure 8 shows an autoradiogram obtained by a gel shift assay of the binding of modulate aptamer DA-5/DA-6 

30 and Tat-derived peptides (CQ, RE, C P). Thick arrow and thin arrow show the positions of modulate aptamer 

RNA-CQ conjugate and free 5 L oligonucleotide, respectively. 

Figure 9 shows an analyte-dependent hybridizing oligonucleotide assay (ADHONA). This figure shows the sec- 
ondary structure of modulate aptamer DA-9/DA-10 for use in ADHONA (A) and the mechanism of ADHONA (B) 
Figure 1 0 shows graphs indicating CQ peptide concentration dependency of ADHONA: fluorescent signal intensity 
35 in the absence of CQ peptide (control) or in the presence of CQ peptide (1 0, 50, 1 00 pmol). Results are indicated 

as an average (± standard deviation) of 3 experiments. 

Figure 11 shows the results of ADHONA using Tat-1 peptide: fluorescent signal intensity in the absence of TaM 
or CQ peptide (control); fluorescent signal intensity in the presence of 1 0pmol CQ peptide (1 ) ; fluorescent signal 
intensity in the presence of 200pmol Tat-1 protein (2). Results are indicated as an average (± standard deviation) 
40 of 3 experiments. 

Figure 12 shows the influence on ADHONA by co-existence of HeLa nuclear extract: fluorescent signal intensity 
in the absence of TaM or CQ peptide (control); fluorescent signal intensity in the presence of 8 units of HeLa 
nuclear extract (1); fluorescent signal intensity in the presence of 10pmol CQ peptide (2). Results are indicated 
as an average (± standard deviation) of 3 experiments. 
45 Figure 13 shows the secondary structure of oligonucleotide chain DA13(C-A) of a stem-loop structure having 

fluorescein bound to the 5'-end and DABCYL bound to the 3 , -end ! the secondary structure of the DA13(C-A)/DA6 
which is a modulate aptamer RNA of the present invention, and nucleotide pair formation between DA13(C-A) and 
completely complementary DA13C. 

Figure 1 4 shows detection by fluorescence of CQ using a molecular beacon aptamer, and a model of the secondary 
50 structure of the oligonucleotide chain thereupon. 10nM DA13(C-A) only (Control); 10nM DA13(C : A)+100nM DA6 

(CQ-); 10nM DA13(C-A)+100nM DA6+100nM CQ peptide (CQ+); 10nM DA13(C-A>+100nM DA13C(DA13C). 
Figure 15, shows the result of measuring fluorescence intensity of samples CQ-, CQ t and DA13C under the same 
conditions as for Fig. 14 using Fluorlmager (Molecular Dynamics). Results indicate the average (±standard devi- 
ation) of three experiments. 

55 
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* 

Explanation of sequence listing 
[0024] 

5 SEQ ID NO:1 : aptamer RNA for an HIV-1 Tat protein 

SEQ ID NO:7: 5'- side oligonucleotide of a modulate aptamer 

SEQ ID NO:8: 5'-side oligonucleotide of a modulate aptamer 

SEQ ID NO:9: 5'- side oligonucleotide of a modulate aptamer 

SEQ ID NO:10: 5*- side oligonucleotide of a modulate aptamer 
10 SEQ ID NO:11 : 3'-side oligonucleotide of a modulate aptamer 

SEQ ID NO:12: 3'-side oligonucleotide of a modulate aptamer 

SEQ ID NO:13: 3'-side oligonucleotide of a modulate aptamer 

SEQ ID NO:14: 3'-side oligonucleotide of a modulate aptamer 

SEQ ID NO:15: modified 5'-side nucleotide 
15 SEQ ID NO:16: modified 3'-side nucleotide 

SEQ ID NO:17: modified 5'-side nucleotide 

SEQ ID NO:18: 5'- side oligonucleotide of a modulate aptamer 

SEQ ID NO:19: 3'-side oligonucleotide of a modulate aptamer 

SEQ ID NO:20: molecular beacon aplamer 
20 SEQ ID NO:21 : complementary oligonucleotide to a molecular beacon aptamer 

BEST MODE FOR CARRYING OUT THE INVNETION 

[0025] Below, the present invention will be explained in detail. 

25 [0026] In the present invention, an "aptamer" refers to a nucleic acid ligand artificially engineered to bind strongly 
and specifically with a particular target protein. A "modulate aptamer" refers to an aptamer wherein the core portion of 
the aptamer is designed such that it has a low Tm value and divided in two short oligonucleotide chains which bind to 
form a double strand only in the presence of a target protein. A "molecular beacon aptamer" refers to an aptamer which 
comprises two structural components, a loop sequence which becomes a complementary probe to a target sequence, 

30 and a stem structure which is formed by annealing of two complementary arm sequences present on both ends of the 
probe sequence. 

[0027] Further, in the present invention, "complementary" and "complementary base pair formation" refer to pairing 
between nucleobases: adenine and uracil, and guanine and cytosine by a hydrogen bond. Examples of nucleobases 
capable of complementary base pair formation include the combinations of adenine and uracil, and guanine and cy- 
35 tosine. 

[0028] A "conjugate" refers to a formation in a stabilized state between a double stranded modulate aptamer accord- 
ing to the present invention and a target protein via hydrogen bonds and/or non-covalent bonds such as hydrophobic 
interactions. Here, "stabilized" refers to formation of a conjugate in which the binding-dissociation equilibrium is biased 
toward a bound state, and dissociation is difficult. 

40 [0029] "Radioactive labeling" or "Radioactively label" refers to labeling using a substance including radioactive iso- 
topes such as 3 H, 13 C, 32 P, etc., and "non-radioactive labeling" or "non-radioactively label" refers to labeling not using 
radioactive substances. In non-radioactive labeling, labeling substances specifically include, but are not particular 
limited to luminescent molecules, fluorescent molecules such as fluorescein, enzymes such as peroxidase and alkali 
phosphatase, antibodies, and other molecules having binding specificity to specific molecules such as a biotin that are 

45 used in the art. 

[0030] A "support" refers to objects used In the detection method and detection kit according to the present invention 
to perform conjugate formation reaction at an immobile position, and may be anything which does not exhibit absorb- 
ance such as glass or plastic. In the assay of the present invention using a minute amount of reaction solution, a 
microtiter plate and the like is particularly preferable. 

50 [0031] A "target protein" refers to a protein or peptide which has high affinity and specificity for the modulate aptamer 
of the present invention, binds therewith and stabilizes, and the presence or absence, and/or amount thereof can be 
detected thereby. Examples include HIV-1 Tat and a fragment thereof having an amino acid chain length of approxi- 
mately 40, CQ peptide, RE peptide, etc., and HIV Rev protein etc. Further, as HIV, HIV-1 and HlV-2 are known. There- 
fore, as used herein Tat-1 and TAR-1 respectively refer to HIV-1 Tat (trans activating factor) protein and TAR (trans 

55 activation response region) and Tat-2 and TAR-2 respectively refer to HIV-2 Tat protein and TAR. 

[0032] The present inventors have previously isolated aptamer RNA Tat (Fig. 1 left, SEQ ID NO:1 ) which binds to HIV- 
1 Tat protein with higher specificity and affinity than HIV-1 TAR (Fig. 1 center), and reported the use thereof in a phar- 
maceutical composition for diagnosis, prevention and treatment of deseases in which HIV is involved (Yamamoto, R., 
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Murakami, K., Taira, K. and Kumar, P.K.R., Gene Ther. Mot. Biol. 1 , 451 -466 (1 998), Patent Application Laid-Open No.: 
Hei 11-127864). This aptamer has high affinity for Tat protein (relative to TaM , Kd value is 1 00 times lower than TAR- 
1 RNA (59 mer, Fig. 1 center, SEQ ID NO:2), and relative to Tat-2 r Kd value is 40 times lower than TAR-2 RNA (123 
mer, Fig. 1 right, SEQ ID NO:3)), and since the sequence of the loop portion of the aptamer sequence is not the Tat 

5 protein binding site, it is possible to divide the aptamer into two strands. 

[0033] From this viewpoint, the present inventors synthesized several modulate aptamer oligonucleotides having 
varying lengths and comprising core binding factor (the portion framed by solid lines in Fig. 1) relative to Tat-1 protein. 
[0034] That is, first, the oligonucleotide chain corresponding to the 5-side of the modulate aptamer of the present 
invention and the oligonucleotide chain corresponding to the 3'-side, were respectively chemically synthesized. Upon 

io use, one or both of the two complementary oligonucleotide chains may be detectably labeled radioactively or non- 
radioactive^ as defined above and used. 

[0035] The modulate aptamer of the present invention is reconstituted from the above oligonucleotide chains in the* 
presence of a target protein. A preferable example thereof has the structure represented by the following secondary 
structure (I). 
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(In the structure, N 1a and N 1b represent at least 1 pair of nucleobases capable of complementary base pair formation; 
N 28 and N 2b represent at least 1 pair of nucleobases capable of complementary base pair formation; N 3 and N 4 each 
independently represent 1 or 2 nucleobases; N 5a and N 5b represent at least I pair of nucleobases capable of comple- 
mentary base pair formation; N 6a and N 6b represent at least 1 pair of nucleobases capable of complementary base 

« pair formation; and solid lines represent hydrogen bonds between nucleobases.) 

[0036] The modulate aptamer of the present Invention represented by the above secondary structure (I), exhibits 
high affinity to HIV-1 Tat protein by having the core factor of TAR-1 RNA repeated and arranged in the opposite direction, 
and binds sequence specifically to Tat-1 protein or Tat-derived peptides such as CQ, etc. Further, it was apparent that 
the presence of bulge residues protruding from the complementary base pair formation is essential for recognition of 

50 HIV-1 Tat protein and efficient binding. 

[0037] Further, an example of one particularly preferable modulate aptamer in the present invention, is one having 
the nucleotide sequence represented by the following secondary structure (II): 



55 
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(In the stricture, solid lines represent hydrogen bonds between nucleobases.) 

30 [0038] From earlier biochemical experiments, the minimum necessary region in HI V-1 Tat protein for RNA recognition 
and binding was known. This peptide region called CQ peptide consists of amino acid residues 37-72 (SEQ ID NO:4), 
and binds to TAR-1 RNA with efficiency identical to that of full-length Tat-1 protein (Weeks, K.M., Ampe, C, Schultz, 
S.C., Steitz, T.A. and Crothers, D.M., Science 249, 1281-1285 (1990); Calnan, B.J., Biancalnan, S., Hudson, D. and 
Frankel, A.D. , Genes Dev. 5, 201 -21 0 (1 991 )). From this fact, experiments to examine the ability of a modulate aptamer 

35 were performed using Tat-1 protein or Tat-derived peptides such as CQ as a target protein. Further, as other peptides, 
RE derived from Tat-1 peptide (SEQ ID NO:5), CP derived from Tat-2 peptide (SEQ ID NO:6) were also used. 
[0039] Further, in the present invention, there is provided a novel method of detecting a target protein using a mod- 
ulate aptamer RNA which forms a conjugate only in the presence of the target protein. This method was analyzed 
particularly using HIV-1 Tat protein as a target. The modulate aptamer of the present invention form a conjugate effi- 

^o ciently in the presence of Tat protein, and does not form a conjugate in the presence of other RNA-binding proteins. 
Therefore, the presence and amount of Tat protein can be measured using the modulate aptamer. 
[0040] In one embodiment of the present invention, one of the oligonucleotide chains of the modulate aptamer of 
the present invention is radioactively labeled as defined above, and a conjugate is formed in the presence of the other 
oligonucleotide chain and the target protein, and the presence or absence and/or amount of the conjugate formation 

45 is detected. Conditions for conjugate formation reaction are, for example, in a Tris buffer of pH 7 to 8, at 30°C, for 30 
minutes, however, conditions such as reaction temperature, reaction time and the composition of the reaction solution 
can be modified as appropriate by a person skilled in the art. 

[0041] After formation of a conjugate, It is possible to directly detect formation of the conjugate, however, in some 
cases, the formed conjugate may be separated by methods normally used in the art such as by electrophoresis. 
so [0042] A non-radioactive label may be used instead of the radioactive label, and for example where fluorescein is 
used, it can be detected by its fluorescent signal. 

[0043] In another embodiment of the method of the present invention, one of the oligonucleotide chains is immobilized 
on a support as defined above, the conjugate formed by addition of the other radioactively or non-radioactively labeled 
chain in the presence of a target protein is detected. In this case, after conjugate formation reaction, oligonucleotides 
55 not forming conjugates can be removed by washing as required prior to detection. Immobilization may be performed 
by any method normally used in the art, such as by physical or chemical means, and there is no particular limitation 
on the method to be used. However, it is preferable to exploit specific binding between avidin or streptoavidin and biotin. 
[0044] Further, the present invention provides a kit for detecting a target protein, which comprises the support, one 
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oligonucleotide chain of the modulate aptamer to be immobilized on the support, and the other radioactively or non- 
radioactive^ labeled oligonucleotide chain which forms a conjugate in the presence of the target protein. Immobilization 
on the support may be performed at the time of use, however, a pre-immobilized oligonucleotide may be provided in 
a kit. Similarly to the above, immobilization may be of any type normally used in the art, and is not particularly limited, 
5 however, it is preferable to exploit specific binding between avidin or streptoavidin and biotin. 

[0045] The specificity of the modulate aptamer of the present invention is preserved in a crude sample such as a 
HeLa nuclear extract, and the detection method of the present invention can be used directly in infected cells and the 
like. 

[0046] By the present invention, it was possible to efficiently regulate the formation of a stable double stranded 
10 structure of aptamer-derived oligonucleotides in the presence of a target protein. Thereby, the present invention is the 
first to provide a method of detecting a target protein, particularly Tat protein, or a fragment thereof using a molecular 
beacon aptamer. 

[0047] The molecular beacon aptamer used in the present invention, is used in the above described embodiment of 
a modulate aptamer, and is characterized in that one of the oligonucleotide chains constituting this modulate aptamer 
*5 has mutually complementary nucleotide sequences consisting of four or more consecutive nucleotides, and has a 
stem-loop structure in the absence of a target protein. If the mutually complementary sequences consist of three nu- 
cleotides of less, a stable stem-loop structure cannot be adopted, which is not preferable. 

[0048] One example of this stem-loop structure is one having the nucleotide sequence represented by the following 
secondary structure (III). 
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40 (in the structure, solid lines represent hydrogen bonds between nucleobases.) 

[0049] In the present invention, when using a molecular beacon aptamer, a fluorescent substance is bound to the 5' 
or 3'-end of the oligonucleotide chain of the stem-loop structure, and a quencher substance against the fluorescent 
substance is bound to the 3* or 5' end, respectively. 

[0050] Specifically, based on the sequence of the modulate aptamer, a quencher substance such as [4'-(4'-dimethyl- 
45 amlnophenyl-azo) benzoic acid (DABSYL)] is connected by a covalent bond to 5* end of one of the oligonucleotide 
chains constituting the aptamer, i.e. the sequence which adopts a stem-loop structure, and to the 3'-end, a fluorescent 
substance such as fluorescein, cumarin, telramethyl rhodamine etc., thereby constructing a molecular beacon aptamer 
(Fig. 13 left). As a control, an RNA oligonucleotide having a sequence that is completely complementary to this mo- 
lecular beacon aptamer was synthesized, which can be used to evaluate the relative amount of fluorescence intensity 
so when the fluorescent substance and the quencher substance are separated by a distance. 

[0051] DA-13 (C-A) which constitutes one of the oligonucleotides of the modulate aptamer (Fig. 13 left), undergoes 
a structural change from a stem-loop structure to a double-stranded structure only in the presence of both the probe 
(the other chain of the modulate aptamer) and the target protein. In the absence of the probe or the target protein, this 
structural change does not occur. Therefore, in the present invention, the molecular beacon aptamer undergoes struc- 
55 tural change in the presence of a target protein and this change can be detected efficiently. 

[0052] The above described molecular beacon aptamer is one embodiment of the above described modulate aptam- 
er, and it can be understood that the above described method and kit for detecting a target protein can be appropriately 
provided by using the molecular beacon aptamer in a similar manner. 
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[0053] Below, the present invention is further explained through the use of Examples, however, the present invention 
should not be taken to be limited by these Examples. 

Example 1 : 

5 

Synthesis of Tat-derived peptide, aptamer, and modulate aptamer 

[0054] Chemical synthesis of each of Tat-1 -derived peptide CQ (amino acids 37 to 72; SEQ ID NO:4), RE (amino 
acids 49 to 86; SEQ ID NO:5), and Tat-2-derived peptide CP (amino acids 66 to 97; SEQ ID NO;6) was entrusted to 

10 TANA Lab. L.C. (Texas, USA). 

[0055] The aptamer RNA Tat oligonucleotide (aptamer RNA, SEQ ID NO: 1) shown in Fig. 1 was synthesized with an 
RNA/DNA synthesizer (Applied Biosystem model 394) using phosphoramidites (Glen Corporation, U.S.) and was de- 
protected and purified according to a known method described by the present inventors (Yamamoto, R., Murakami, 
K., Taira, K. and Kumar, P.K.R., Gene Then MoL Biot. 1, 451-466 (1998)). 

15 [0056] On the other hand, oligonucleotide chains corresponding to the 5'-sid e of the modulate aptamer of the present 
invention (DA-1 , DA-3, DA-5, and DA-7; SEQ ID NOS: 7, 8, 9, and 1 0, respectively), and oligonucleotide chains corres 
ponding to the 3'-side of said aptamer (DA-2, DA-4, DA-6, and DA-8, SEQ ID NOS: 11 , 12, 13, and 14, respectively) 
were respectively synthesized and deprotec ted in the same manner as the above aptamer RNA. The 5'-chains of the 
modula te RNAs were 7- 32 P-ATP-labeled with T4 polynucleotide kinase. 

20 

Example 2: 
Gel shift assay 

25 [0057] Using a gel shift assay, 5 types of modulate aptamers were examined for their conjugate formation. 

[0058] Double strand formation of RNA oligonucleotides was analyzed in the presence of Tat or Tat-derived peptides, 
CQ, RE, or CP by a previously reported method (Yamamoto, R., Murakami, K., Taira, K. and Kumar, P.K.R., Gene 
Then MoL Biol 1 , 451-466(1998)). 

[0059] Eight RNA oligonucleotides having the potential to form 5 types of double strand were analyzed (Rg. 2). In 
30 all cases, the 5'-chains of the double-stranded aptamer RNAs (DA-1 ,DA-3,DA-5,DA-7; SEQ ID NO:7, 8, 9, and 10, 
respectively) were7- 32 P-ATP-labeled. In 10uJ of Tat-binding buffer (10 mM Tris-HCI, pH7.8, 70 mM NaCI, 2 mM EDTA, 
0.01% Nonidet P-40), 5'-end labeled RNA (2 kcpm) and 200 nM of an unlabeled complementary chain RNA (relative 
to DA-1: DA-2 or DA-4; relative to DA-3: DA-4; relative to DA-5: DA-6; relative to DA-7: DA-8) were mixed in the 

presence of 40 nM £ cof/tRNA. 
35 [0060] To this was added 20 nM of CQ peptide or 200 nM of Tat protein, and the mixture was allowed to stand for 1 
hour at 30°C. The reaction product was separated on non-denaturing polyacrylamide gel (15%), and the amount of 
conjugate formation in the presence or in the absence of the protein or peptide was measured with an image analyzer 
(BAS2000, Fujifilm, Japan). 

[0061] Results are shown in Figure 3. Among the five types of oligonucleotide pairs, four pairs: DA-1/DA-2, DA-3/DA- 
40 4, DA-5/DA-6, and DA-1/DA-4 (i, ii, iii, and v, respectively, in Figs. 2 & 3), formed conjugates with high affinity in the 
presence of Tat protein (200 nM, lane 4) or Tat-derived peptide CQ (20 nM, lane 3) and did not form conjugates in the 
absence of Tat protein (lane 2). in particular, DA-5/DA-6 oligonucleotide pair formed a conjugate in the presence of 
Tat protein or CQ peptide more efficiently than the others, with conjugates with Tat at 50% and conjugates with CQ at 
84% (Fig. 3iii). 

45 

Example 3: 
Kinetic Analysis 

so [0062] The equilibrium dissociation constant (Kd) for conjugates of modulate aptamer RNA oligonucleotides DA- 
1/DA-2 (Fig. 2i) and DA-5/DA-6 (Fig. 2iii) obtained in Example 1 , with CQ peptide was analyzed by gel shift assay in 
the presoncc of various concentrations of CQ (0.1 to 12.8 nM, 2 to 64 nM, respectively). 

[0063] 5'-end labeled RNA (50 pM) of DA-1 or DA-5, and RNA chains complementary thereto were mixed in a 1 0 \i\ 
Tat-binding buffer, and 40 nM tRNA was added as a non-specific competitor. CQ peptide (0.5 to 64 nM) was added 
55 and the mixture was allowed to stand for 1 hour at 30°C. The reaction product was separated on a non-denaturing 
polyacrylamide gel (1 5%), and analyzed. Values for B max and Kd were determined from the following binding equation: 
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Y=B max x X/Kd+X 

Y: Specific binding, B max : maximum binding, X: ligand concentration 

5 [0064] Non-linear regression analysis was performed with Graphpad PRISM software (Graphpad Software Inc, U.S.). 
[0065] As is clear from the results shown in Figs. 4 and 5, Kd values for DA-5/DA-6-CQ, DA-1/DA-2-CQ conjugates 
were 0.5 nM and 400 nM, respectively, with the Kd value for the DA-1/DA-2-CQ conjugate being 800 times greater 
than that for the DA-5/DA-6-CQ conjugate. This difference is thought to be primarily caused by the two additional G-C 
base pair formations at both ends of the molecule in the DA-5/DA-6-CQ conjugate. 

10 [0066] In other Tat peptides also, similar results were obtained. The modulate aptamers reconstituted a double- 
stranded RNA in the presence of Tat or CQ peptide } and exhibited affinity and specificity to the Tat protein comparable 
to that of hairpin aptamer RNA Tat (Fig. 1 left). 

Example 4 

75 

Comparison with Core Factor MutanM 

[0067] From the fact that the Kd value for the DA-5/DA-6-CQ conjugate approximated with the Kd value of a hairpin 
aptamer RNA Tat , it is thought that modulate aptamers, particularly DA-5/DA-6, reconstitute a binding core factor in the 

20 presence of Tat protein or CQ peptide. The binding core factor of aptamer RNA Tat necessary for binding to the Tat 
protein consists of a central helix of four base pairs and two bulges comprising two residues each on each side thereof, 
and through site specific mutation experiments it was found that the U residues of both bulges were extremely important 
for binding to the Tat protein. Therefore, from kinetic analysis of the hairpin aptamer and modulate aptamer oligonu- 
cleotides DA-5/DA-6, these RNA compositions, i.e. both chains of DA-5 and DA-6 were predicted to interact with Tat 

25 protein. 

[0068] In order to confirm this, the conjugate formation ability of a mutant (DA-5i/DA-6i (SEQ ID NO:15/16), DA-5i 
was labeled with y- 32 P-ATP) wherein the C residues of DA-5 and DA-6 were substituted by U residues (Figure 6A), 
was examined in the same manner as in Example 2. Results using CQ peptide are shown in Figure 6B. As is clear 
from the results of Figure 6B, this oligonucleotide pair (DA-5i/DA-6i) was unable to form a conjugate. This result indi- 
30 cated that functional groups important in the binding of the hairpin aptamer to TaM (for example, the nitrogen at position 
3 of a U residue), were also important in the binding of modulate aptamer DA-5/DA-6 to Tat-1 . 

Example 5 

35 Comparison with Core Factor Mutant-2 

[0069] In respect of aTAR-1 RNA-derived RNA oligonucleotide, DT-1/DT-2 (Fig. 7A, the sequence of DT-1 is repre- 
sented by SEQ ID NO: 1 7) also, a comparison was made with DA-5/DA-6 in respect of binding to TaM protein or CQ 
peptide in a manner similar to Example 2. Results using CQ peptide are shown in Fig. 7B. As is clear from the results 
40 jn Fig. 7B, DT-1/DT-2 did not form a conjugate even in the presence of excess oligonucleotide (DT-2) and excess CQ. 
[0070] From these results, it was clear that a modulate aptamer exhibits high affinity due to repetition and arrange- 
ment in the opposite direction of the TAR-1 RNA core factor, and binds sequence specifically with Tat protein and CQ 
peptide. 

*5 Example 6 

Binding specificity to target protein 

[0071] In the presence of HCV NS3 protein which is an RNA binding protein having a protease domain and an RNA 
so helicase domain, a gel shift binding assay was performed with modulate aptamer oligonucleotides (DA-1/DA-2, DA- 
S/DA^, DA-5/DA-6, DA-7/DA-8, DA-1/DA-4). In the gel shift analysis, this NS3- protein did not form a conjugate with 
the modulate aptamer oligonucleotide of the present invention which targets HIV-1 Tat protein (Data not shown). 

Example 7 

55 

Affinity with HIV-2 Tat protein 

[0072] In Tat proteins of HIV-1 and HIV-2, the core regions thereof (from cystein 36 to proline 57 of Tat-2) exhibit 
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approximately 65% homology. In addition, from the research of the present Inventors, it was found that an aptamer 
binds to Tat-2 peptide (CP, amino acids 66 to 97, SEQ ID NO:6) with greater affinity than TAR-2 RNA, and this fact 
indicated that the RNA binding characteristic of the two proteins was similar. Fig. 8 indicates that although efficiency 
is lower when compared with Tat-1 peptides CQ, RE, Tat-2 peptide CP also promotes formation of a double-strand of 
5 modulate aptamer DA-5/DA-6, respectively. 

Example 8 

Analyte (Tat)-dependent hybridizing oligonucleotide assay 

10 

[0073] The modulate aptamer of the present invention has potential as a tool for use in detection of a target protein 
such as Tat protein. A diagnostic assay such as indicated in Fig. 9 was developed and tested. In this analyte-dependent 
hybridizing oligonucleotide assay (analyte-dependent hybridizing oligonucleotide assay, ADHONA), a 3'-fluorescein 
oligonucleotide (DA-9, SEQ ID NO:18), a3'-biotin oligonucleotide (DA-10, SEQ IDNO:19), and a streptoavidin-coated 

15 microtiter plate were used (Fig. 9A and B). 

[0074] The streptoavidin-coated microtiter plate was purchased from Labsystems of Finland. 3'-biotinized oligonu- 
cleotide DA-1 0 (5 pmol) was placed In a streptoavidin plate (well), and left to stand at room temperature for 1 0 minutes 
in a 50u.l of Tat binding buffer, and after allowing to bind with streptoavidin, the plate was washed with 200 u.l of Tat 
binding buffer to wash away unbound oligonucleotides. Next, 50 uJ of Tal binding buffer containing 10 pmol of 3'- 

20 fluorescein DA-9 and Tat-1 or Tat peptide (CQ or CP) was added, and the plate was allowed to stand for 30 minutes 
at 30°C, and finally washed again with 200 |xl Tat binding buffer to remove unbound substances. Fluorescence was 
analyzed with a fluoro image analyzer (Fluorlmager595). Excitation was at a wavelength of 488 nm, and detection at 
530 nm. As a control, the same operations were performed in the absence of Tat-1 protein and Tat peptide. 
[0075] Results are shown In Figs. 1 0 and 1 1 . In the presence of 1 0 to 1 00 pmol of CQ peptide, fluorescence intensity 

25 increased to 500 to 2500 times that of the control (Fig. 10). Further, using Tat-1 protein (200 pmol), a fluorescence 
signal equivalent to that obtained with 1 0 pmol CQ peptide, was obtained. (Fig.11). 

[0076] As is clear from the above results, conjugates were detected only in the presence of target protein, CQ peptide 
or Tat-1 protein, and the presence of the target protein was detected by using the modulate aptamer of the present 
invention. 

30 

Example 9 

Reaction with co-existent Mammal cell nuclear extract 

35 [0077] In order to be a diagnostic tool having good efficiency, In the assay shown in Fig. 9, it must be able to exhibit 
a quantitative result even in the presence of a crude sample such as a mammal cell nuclear extract. A crude sample 
may contain proteins and other mixtures which will interfere with the assay, and may further include proteins that 
promote annealing of a complementary sequence (Portman, D.S. and Dreyfuss, G., EMBOJ. 13, 213-221 (1994)). 
Here, the above ass ay was performed in the presence of DA-9/DA-1 0 with 8 units HeLa nuclear extract (Promega, 

40 U.S.), and 40 units of RNase inhibitor (TOYOBO, Japan). Results are shown in Fig. 12. In the case where only HeLa 
nuclear extract was present, the modulate aptamer oligonucleotide did not form a double strand : and did not remain 
on the microtiter well (Even with 40 units of RNase inhibitor, a small amount of RNase activity remained). 
[0078] This result indicated that the assay of the present invention was suitable for detecting Tat protein in the pres- 
ence of mammalian cell nuclear extracts such as those in infected cells and the like. 

45 

Example 10 

Use as a molecular beacon aptamer 

so [0079] As described above, formation of a stable double-stranded structure of aptamer-derived oligonucleotides 
such as DA-5 and DA-6 was able to be efficiently regulated by Tat or a Tat-derived peptide. Using this, the present 
invention was first able to provide a method for detecting Tat or a peptide thereof using a molecular beacon aptamer. 
[0080] Based on a sequence of a modulate aptamer, a quencher substance [4 , -(4'-dimethyl-aminophenyl-azo) ben- 
zoic acid (DABSYL)] was connected by a covalent bond to the 5'-end, and a fluorescent substance, fluorescein, was 

55 connected to the 3'-end of an oligonucleotide chain (SEQ ID NO:20) which has mutually complementary nucleotide 
sequences of 6 consecutive nucleotides within the molecule, which independently adopts a stem-loop structure and 
which can form a modulate aptamer by pairing with DA-6, thereby constructing a molecular beacon aptamer which 
was then synthesized (DA13(C-A), Fig. 13 left). Specifically, using phosphoramidite (Glen Corporation, U.S.), the oli- 
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gonucleotide was synthesized with a RNA/DNA synthesizer (Applied Biosystem Model 394) and after 5'-fluorescein- 
ation and 3'-DABSYLation, deprotection was carried out according to methods established in the art. This complemen- 
tary pairformation between DA1 3 (C-A) and DA-6 is indicated in Fig. 1 3. On the other hand, for the purpose of evaluating 
relative amounts of fluorescence intensity when the fluorescent substance and quencher substance are separated by 
5 a distance, DA-1 3C (SEQ ID NO:21 ) which has a sequence completely complementary to DA- 1 3 (C-A) was synthesized 
using phosphoramidite (Glen Corporation, U.S.), with an RNA/DNA synthesizer (Applied Biosystem model 394) (Fig. 
13 right). 

[0081] Detection of Tat or a Tat peptide using a molecular beacon aptamer was performed as follows: 

[0082] In a 0.5 ml tube, 10 nM of DA-13 (C-A) and 100 nM of DA-6 were mixed in 50\i\ of Tat binding buffer (10 mM 

10 Tris-HCI, pH 7.8, 70 mM NaCI, 2 mM EDTA, 0.01% Nonidet P-40) containing 40 nM of £ Coli tRN A, in the presence 
or absence of 1 00 nM of CQ peptide, and allowed to stand for 30 minutes at 30°C. The fluorescence intensity emitted 
as a resutt was measured with Fluorlmager (Molecular Dynamics). As a comparison, fluorescence intensity was meas- 
ured under similar conditions in respect of 10 nM of DA-13 (C-A) only, or 10 nM DA-13 (C-A)/100 nM DA-13C. 
[0083] As shown in the results in Figs. 14 and 15, DA-13 (C-A) itself adopted the stem-loop structure shown in Fig. 

'5 13 - left, and fluorescence was hardly detected. When both DA-6, and CQ being the target protein were present, this 
stem-loop structure underwent a structural change to a double-stranded structure, and fluorescence intensity increased 
dramatically. In the absence of DA-6 oligo or CQ, DA-13 (C-A) oligo did not undergo this structural change. On the 
other hand, DA-13 (C-A) oligonucleotide and DA-13C oligonucleotide formed a conjugate In Tat binding buffer even in 
the absence of CQ, and the fluorescence intensity thereof exhibit the maximum value. This was thought to be most 

20 Hkely due to the fluorescent substance binding portion and the quencher substance binding portion of DA-1 3(C-A)/DA- 
13C being separated by a distance 25 base pairs when compared with DA-13 (C-A)/DA-6 conjugate; and the DA-13 
(C-A)/DA-13C conjugate being more stable than the DA-13 (C-A)/DA-6 conjugate. 

[0084] As is clear from the above results, from the fact that fluorescent intensity increased markedly in the presence 
of DA-6 and CQ, it is apparent that molecular beacon [DA-13 (C-A)/DA-6] undergoes a structural change in the presence 
25 of the target protein: Tat or Tat peptide, and Tat can be efficiently detected by monitoring this structural change through 
fluorescence measurement. 

INDUSTRIAL APPLICABILITY 

30 [0085] The modulate aptamer of the present invention has the following numerous advantages when compared to 
known conventional long non-modulate aptamers. 

1) Short RNA oligonucleotides can be synthesized with higher efficiency than long ones. 

2) Modification for stabilizing nucleic acids may be partial in the aptamer 
35 3) Low cost. 

4) Suitable structuring of the modulate aptamer is promoted by the analyte. 

[0086] Further, the above results indicate that the method of detecting a protein with the modulate aptamer of the 
present invention has high sensitivity and high specificity, and can be easily applied to nucleic acid array analysis 
40 techniques having complex steps. Further, when the RNA aptamer of the present invention is completely protected 
against ribonuclease, the method will be even more effective. The method of the present invention can detect not only 
H IV Tat protein , but can be generally applied to the detection of other proteins such as H IV Rev protein using a modulate 
aptamer for RRE (Rev response element) by selecting suitable non-modulate and modulate-type aptamers from a 
combined library. 

45 [0087] Further, in respect also of the molecular beacon aptamer which Is one embodiment of the modulate aptamer 
of the present invention, it is possible to make modification such that the aptamers have resistance against nuclease, 
thereby allowing these stabilized molecular beacon aptamers to be applied for the detection of Tat protein in living cells 
(for example, in HIV infected cells). 

[0088] All publications, patent and patent applications cited herein are incorporated herein in their entirety by refer- 
so ence. 



55 
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SEQUENCE LISTING 

<]]fl> Japan as represented by Secretary of Agency of Industrial Science and 
Technology 

<120> Modulate aptamers and the method of detecting targel 
proteins using them 

<130> PH-933-PCT 
<160> 21 

<J70> Patcnttn Ver. 2. 0 

<210> 1 
<211> 35 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> aptamer RNA for HIV-1 Tat protein 
<400> 1 

cgaagcuuga ucccguuugc cggucgaucg cuucg 35 

<210> 2 

<211> 59 

<212> RNA 

<213> Homo sapiens 
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<400> 2 

gggucucucu gguuagacca gauuugagcc ugggagcucu cuggcuaacu agggaaccc 59 

<2l0> 3 
<2ll> 124 
<212> RNA 
<213> Homo sapiens 

<400> 3 

gggucgcucu gcggagaggc uggcagauug agcccuggga gguucucucc agcacuagca 60 

gguagagccu gggaguuccc ugcuagacuc ucaccagcac uuggccggug cugggcagac 120 
ggcc 124 

<210> 4 

<211> 36 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Cys Phe Thr Thr Lys Ala Leu Gly lie Ser Tyr Gly Arg Lys Lys Arg 
15 10 15 

Arg Gin Arg Arg Arg Pro Pro Gin Gly Ser Gin Thr His Gin Val Ser 

20 25 30 



Leu Ser Lys Gin 
35 
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<2l0> 5 

<2ll> 38 

<2I2> PRT 

<2l3> Homo sapiens 

<400> 5 

Arg Lys Lys Arg Arg Gin Arg Arg Arg Pro Pro Gin Gly Ser Gin Thr 
1 5 10 15 

His Gin Val Ser Leu Ser Lys Gin Pro Thr Ser Gin Ser Arg Gly Asp 

20 25 30 

Pro Thr Gly Pro Lys Glu 
35 

<210> 6 
<211> 32 

<2i2> m 

<213> Homo sapiens 
<400> 6 

Cys Phe Leu Asn Lys Gly Leu Gly He Cys Tyr Glu Arg Lys Gly Arg 
1 5 10 15 

Arg Arg Arg Thr Pro Lys Lys Thr Lys Thr His Pro Ser Pro Thr Pro 

20 25 30 

<210> 7 
<211> 14 
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<2l2> RNA 

<2l3> Artificial Seauence 
<220> 

<223> 5' -half oligonucleotide of modulate aptamer 
<400> 7 

aagcuugauc ccga 

<210> 8 
<211> 13 
<212> RNA 

<213> Artificial SeQuence 
<220> 

<223> 5' -hall oligonucleotide of modulate aptamer 

<400> 8 
agcuugaucc cga 

<210> 9 
<211> 16 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> 5'-half oligonucleotide of modulate aptamer 
<400> 9 
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gaagcuugau cccgag 

<2l0> 10 
<211> 12 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> 5'-half oligonucleotide of modulate aptamer 

<400> 10 
agcuugaucc ca 

<210> 11 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> 3' -half oligonucleotide of modulate aptamer 

<400> 11 
ucggucgauc gcuu 

<210> 12 
<211> 13 
<212> RNA 

<213> Artificial Sequence 
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<220> 

<223> 3' -half oligonucleotide of modulate aptamer 

<400> 12 
cggucgaucg cuu 

<210> 13 
<211> 16 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> 3' -hal f oligonucleotide of modulate aptamer 
<400> 13 

cucggucgau cgcuuc 

<210> 14 
<211> 12 
<212> RNA. 

<213> Artificial Sequence 
<220> 

<223> 3' -ha J f oligonucleotide of modulate aptamer 

<400> 14 
uggucgaucg cu 

<210> 15 
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<2!l> 16 
<2l2> RNA 

<2l3> Artificial Seauence 
<220> 

<223> altered 5' -half oligonucleotide 
<400> 15 

gaagccugau cccgag 

<210> 16 
<211> 16 
<212> ENA 

<213> Artificial Sequence 
<220> 

<223> altered 3'-half oligonucleotide 
<400> 16 

cucggccgau cgcuuc 

<210> 17 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> altered 5' -half oligonucleotide 
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<400> I? 

cagatiuugau c 

<2l0> 18 
<21l> 16 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> 5' -half oligonucleotide of modulate aptamer 
<400> 18 

gaagcuugau cccgaa 

<210> 19 
<211> 19 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> 3'-half oligonucleotide of modulate aptamer 
<400> 19 

ucggucgauc gcuucauaa 

<210> 20 
<2I1> 25 
<212> RNA 

<2I3> Artificial Sequence 
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<220> 

<223> molecular beacon aptamer 
<400> 20 

* 

cgcgaagcuu gaucccgaga gcuua 25 

<2lO> 21 
<211> 25 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> oligonucleotide complementary to molecular beacon aptamer 
<400> 21 

gaagcucucg ggaucaagcu ucgcg 25 



Claims 

1 . A modulate aptamer being an aptamer constituted by two complementary oligonucleotide chains, which forms a 
conjugate and stabilizes only in the presence of a target protein. 

2. The modulate aptamer according to claim 1 , wherein one or both of the two oligonucleotide chains is radioactively 
or non-radioactively labeled. 

3 The modulate aptamer according to claim 1 , wherein one of the oligonucleotide chains constituting the modulate 
aptamer has intramolecular^, mutually complementary sequences of four or more consecutive nucleotides and 
has a stem-loop structure in the absence of a target protein. 

4 The modulate aptamer according to claim 3, wherein a fluorescent substance is bound to the 5' or 3'-end of the 
oligonucleotide of the stem-loop structure, and a quencher substance for the fluorescent substance is bound to 
the 3' or 5' end thereof, respectively. 

5. The modulate aptamer according to any one of claims 1 to 4, wherein the target protein is HIV-1 Tat protein and/ 
or a fragment thereof. 

6. The modulate aptamer according to claim 5, which comprises the nucleotide sequence represented by the following 
secondary structure (I): 
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N 6a - N" 
C - G 
N 5S - N 5b 



U 

4 



N 

C "~ G (I) 
U — A 

A — U ■ 
G — C 

N 3 
U 

G — C 
5' — N 1a — N 1b — 3' 

(In the structure, N 1a and N 1b represent at least 1 pair of nucleobases capable of complementary base pair for- 
mation; N 2 * and N 2b represent at least 1 pair of nucleobases capable of complementary base pair formation; N 3 
and N 4 each independently represent 1 or 2 nucleobases; N 5a and N 5b represent at least 1 pair of nucleobases 
capable of complementary base pair formation; N 6a and N 6b represent at least 1 pair of nucleobases capable of 
complementary base pair formation; and solid lines represent hydrogen bonds between nucleobases.) 

The modulate aptamer according to claim 6, which comprises the nucleotide sequence represented by the following 
secondary structure: 
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3' 5' 

G-C 
A-U 
G-C 
C-G 
C-Gu 

C-GC 

U-A (II) 
A-U 
XjG-C 

UC-G 
G-C 
A-U 
A-U 
G-C 

5' 3' 

(In the structure, solid lines represent hydrogen bonds between nucleobases.) 

The modulate aptamer according to claim 3, wherein one of the oligonucleotide chains constituting the modulate 
aptamer has a nucleotide sequence represented by the following secondary structure (III): 



c c 
u c 

A G 
G A 
U - G 
U - A 

c-g (m) 

G-C 
A- U 
A-U 

G A -3' 

c 

5'-g 

(In the structure, solid lines represent hydrogen bonds between nucleobases.) 

A method of detecting a target protein, which comprises radioactively or non-radioactively labeling one oligonu- 
cleotide chain of the modulate aptamer according to claim 1, and detecting the presence and/or amount of the 
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target protein with a conjugate formed in the presence of the target protein as an indicator. 

10. A method of detecting a target protein, which comprises immobilizing one oligonucleotide chain of the modulate 
aptamer according to claim t on a support, and detecting the presence and/or amount of a target protein with a 
conjugate formed by addition of the other oligonucleotide labeled radioactively or non-radioactively as an indicator. 

11. The method according to claim 9 or 10, wherein the oligonucleotide chain of the stem-loop structure according to 
claim 4 is used as the oligonucleotide chain labeled. 

12. The method according to claim 10 or 11 , wherein the immobilization is by specific binding between avidin or strep- 
toavidin and biotin. 

13. The method according to claim 9 or 10, wherein the npn -radioactive label is fluorescein and the conjugate is 
detected by the fluorescent signal thereof. 

14. The method according to any one of claims 9 to 13, wherein the target protein is an HIV-1 Tat protein and/or a 
fragment thereof. 

15. A kit for detecting a target protein, which comprises the following (a) to (c): 

(a) a support, 

(b) one of the oligonucleotide chains of the modulate aptamer according to claim 1 to be immobilized on the 
support, 

(c) the other oligonucleotide chain which is radioactively or non-radioactively labeled and forms a conjugate 
in the presence of a target protein. 

16. The kit for detecting a target protein according to claim 15, wherein the target protein is an HIV-1 Tat protein and/ 
or a fragment thereof. 

17. The kit for detecting a target protein according to claim 15, wherein one of the oligonucleotide chain (b) is the 5'- 
chain or 3'-chain of the modulate aptamer according to claim 6 or 7, and the other oligonucleotide chain (c) is the 
3'-chain or 5'chain, respectively. 

18. The kit for detecting a target protein according to claim 15 or 16, wherein the oligonucleotide chain of the stem- 
loop structure according to claim 4 is used as the labeled oligonucleotide chain. 
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ii 



■ • • 

in 



3' 



U 
U 



A- 
G- 
C - 

c- 

I 

c - 
u- 

A - 
G - 



U 

c 

G 

G 



5' 



U 



C 
G 

A 

: .A 



G 
A 
U 
C 

I 

G 
C 

u 
u 



3' 



3'A 
G-C 
C-G 
C-G 



5' 



I 



U 



C-G 

U-A 

A-U 

G-C 

u I 
U ' 

C-G 

G-C 

A-U 

5 u 



3' 



3" 



G 
A 
G 
C 
C 



C 

u 

C 
G 

G 



5' 



U 
U 



C 

u 

A 
G 



C 
G 
A 
A 
.G 



U 

o c 

A 
U 

C 

I 

G 
C 

u 
u 

C 3 



IV 



3' 



A 
C 

C 

I 

C 

u 

A 

u G 
u 

C 
G 



U 
G 

G 



5* 



• G 
-A 

- U 
-C 

I 

-G 
-C 

-u 



u 

C 



3' 



^A 
G 
C 
C 

I 

C 

u 

A 

u c 

G 

A 
C ,A 



5' 



-C 
•G 

G u 
• o c 

-A 
-U 

-c 

I 

- G 
-C 
-U 

-u 3 . 



27 



EP 1 219 708 A1 



FIG.3 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 10 
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FIG. 13 
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